Abstract. We investigate the QED Compton process (QEDCS) in ep → eγp and ep → eγX, together with the major background coming from virtual Compton scattering (VCS), where the photon is emitted from the hadronic vertex. We suggest new kinematical constraints which suppress the VCS background and are furthermore suitable for the extraction of the equivalent photon content of the proton at the HERA collider. We show that the cross section, commonly expressed in terms of the proton structure functions, is reasonably well described by the equivalent photon approximation of the proton, also in the inelastic channel in the proposed kinematical region.
Introduction
QED Compton scattering (QEDCS) in the process ep → eγX, where X is a general hadronic system, has long been suggested [1] [2] [3] as a unique possibility to determine the photon content of the proton γ(x, Q 2 ), evaluated in the equivalent photon approximation (EPA), which is a very convenient and efficient tool to calculate cross sections having photon induced subprocesses [4] [5] [6] [7] [8] [9] . Recently, the QED Compton process, depicted in Fig. 1 , has been analyzed in [10] appropriate for measurements at HERA. The corresponding events have a distinctive experimental signature: they are characterized by an electron and a photon in the final state, with their transverse momenta almost balancing each other and with little or no hadronic activity at the detector. In order to extract γ(x, Q 2 ), several kinematical constraints have been imposed which suppressed the major background contribution coming from virtual Compton scattering (VCS), depicted in Fig. 2 , and also reduced the contributions from initial and final state radiation effects [11] unrelated to QED Compton scattering. Although the cross section in the elastic channel, ep → eγp, is very accurately described by the equivalent photon approximation (EPA), a substantial discrepancy was observed in the inelastic channel and it was concluded that the EPA does not give an accurate description of the process in this channel [10] . In our previous paper [12], we did an independent study of the QED Compton process, subject to the kinematical cuts of the HERA experiment, and confirmed this result. We also showed that a measurement in bins of the variable x γ shows better agreement with the EPA than a e-mail: asmita@physik.uni-dortmund.de b e-mail: pisano@harpo.physik.uni-dortmund.de The purpose of this paper is to calculate the VCS background process, to study its relevance and to suggest new cuts to be imposed on the cross section for a more accurate extraction of γ(x, Q 2 ). We perform a detailed study of the full process ep → eγX, both in the elastic (when X is a proton) and inelastic channel, taking into account the VCS, whose cross section in the inelastic channel is estimated utilizing an effective parton distribution of the proton. In the elastic channel, to make a relative estimate of the VCS, we take the proton to be pointlike and replace the vertex by an effective vertex. We suggest new kinematical con-510 A. Mukherjee, C. Pisano: Suppressing the background process to QED Compton scattering straints to suppress the inelastic VCS background, which turns out to be important in the phase space domain of the HERA experiment. We also investigate the impact of these constraints on the QEDCS cross section. We show that in the phase space region suggested by us and accessible at HERA, the EPA provides a reasonably good description of the QEDCS cross section, also in the inelastic channel.
The plan of the paper is as follows. In Sects. 2 and 3, we present the cross section in the elastic and inelastic channel respectively. Numerical results are given in Sect. 4. A summary and conclusions are presented in Sect. 5. The explicit form of the matrix elements are shown in Appendices A and B.
Elastic channel
The cross section for the elastic process
( 1) can be written as [12]
where we have defined the invariants
k = P − P is the momentum transfer between the initial and the final proton and k is the momentum of the final state observed (real) photon. As in [12], we neglect the electron mass m e everywhere except when it is necessary to avoid divergences in the formulae and take the proton to be massive, P 2 = P 2 = m 2 . The relevant Feynman diagrams for this process are shown in Fig. 1 , with X being a proton and P X ≡ P .
The Lorentz invariant N -particle phase space element is written as dPS N (P ; P 1 , . . . , P N ) = (2π)
We also write dPS 2 (l + P ; l + k , P ) = dt 8π(S − m 2 )
and dPS 2 (l + k; l , k ) = dtdϕ * 16π 2 (ŝ − t) .
Here ϕ * is the azimuthal angle of the outgoing e-γ system in the e-γ center-of-mass frame andt = (l − l ) 2 .
Substituting (5) and (6) in (2) we get σ el (S) = α
